A finite element method of solving the mass and energyconserving lubrication problem, including the energy balance in the feed grooves, is proposed. As mass continuity in the whole film is considered, cavitation is taken into account properly. Both a two-dimensional (2D) and a quasi-three-dimensional (3D) solution of the energy equation in the lubricant film have been adopted. Some results are presented for a two-axial groove journal bearing. The quasi-3D solution method (cross-film conduction included in the model) showed good agreement with experimental results and incurred low computational cost.
INTRODUCTION
Several authors have proved that consistent determination of the film entry temperature plays an important role in realistically predicting the bearing temperature distribution. They have therefore provided various algorithms, depending on the groove and bearing type [1, 2, 3] , in order to model the mixing of incoming supply oil with re-circulating oil in the feed grooves. However, a unified treatment of the groove-mixing energy balance independent of the particular geometry has not yet been devised. In this paper, an overall finite-element approach to groove-mixing theory is developed, starting from the mass and energy-conserving algorithm proposed by Kumar and Booker [4] . 
COMPUTATIONAL METHOD
Mass conservation in the whole lubricant film may be imposed as already explained in [5] , and the modified twodimensional (cross-film averaged) energy equation is given by
where the subscript m denotes a variable averaged in the transverse-film direction (y) and " = {∑/∑x, ∑/∑z}. Equation (1) is 'modified' in comparison with the corresponding relationship proposed by Kumar in [4] , in that it takes into account the heat transfer (per unit area) to the bush and the shaft (respectively h B and h J ), as well as conduction in the oil film plane (x, z). This last detail has been introduced only for numerical convenience, in order to use the element-independent formulation described in [5] . Heat transfer h B and h J to the walls may be included by obtaining the temperature gradients at the walls, assuming that the temperature profile across the film thickness is a fourthorder polynomial. Under the further hypothesis that the journal temperature is uniform, the five coefficients of this polynomial can be calculated by: a) equating the film temperature at the walls with the temperatures calculated by the heat conduction equations in the bush and in the shaft, b) assessing the derivatives ∑ 2 T/∑y 2 at the walls by weighting the threedimensional energy equation on both the journal and the bush surface, c) imposing an average temperature in the y direction equal to T m , namely the value calculated by means of Eq. (1). Let Q i and H i be the lumped flow and heat entering the film at node i, namely the i th residuals of respectively the mass and energy continuity equations expressed in integral weak form. The energy balance for the oil flows that mix in the j th groove, which projection onto the (x, z) plane encompasses n j nodes, is ( )
assuming that the average film temperature T mj is uniform throughout the groove j, fed with supply oil at temperature T sj . 
WTC2005-63853

RESULTS
Steady-state THD analyses of the cylindrical, two-axial groove bearing investigated (theoretically and experimentally) by Tonnesen, Hansen, and Lund were carried out. All of the data and additional information are reported in [4, 6] . Centerline (CL) temperature distributions were calculated at 3500 r.p.m. (case I) and 5000 r.p.m. (case II), as in [4] . Figure 1 compares experimental temperatures (measured on the bush wall in the bearing mid-plane) and CL average film temperatures obtained by means of Kumar and Booker's model (h B =h J =0, T m1 =T m2 =T s ). As evidenced (but not explained) in [4] , simulation temperatures are lower than experimental ones, contrary to the expected effects of both the adiabatic approximation and temperature probe placement in the experiments. The reason for the discrepancy is that the energy is not conserved in the groove regions where essential boundary conditions (temperature fixed to the feed value) are imposed. High heat flow leaves the grooves, as evidenced by the large negative value of the summation SH i of the residuals over the groove nodes. Equation (2) enables us to assess the entry temperature, which is shown by experimental evidence to be higher than the oil-feed temperature. The other curves in Fig. 1 are obtained by using Eq. (2) Fig. 1 , the trend is not captured in the cavitated zone. Indeed, the simulation can predict only an increase in temperature in the direction of flow, because heat is generated and there is no external flow.
In Fig. 2 the CL temperatures T B at the bush wall calculated by means of the quasi-3D model are plotted for different values of the ratio g B between the 'effective' conductive area of the grooves and their total area projected on the bush and the shaft. For g B =5 the film carryover heat loss is roughly 15% of the friction power loss. Exceeding this value is not physically consistent [6] . The film temperature map calculated for g B =5 on the bearing mid-plane (x, y) is shown in Fig. 3 .
Finally, for case II, Figure 4 shows a comparison between the predictions (solid line) yielded by the quasi-3D model in the present study and the reference results [6] . These reference results were obtained by Lund (dotted line) by means of an approximate mono-dimensional model, and Frene, Deguerce and Boncompain (dashed-dotted line), who used a detailed 3D model. 3D model results (3500 r.p.m.) . 
